Regional variation of avoidable hospitalisations in a universal health care system: a register-based cohort study from Finland 1996−2013 by Manderbacka, Kristiina et al.
1Manderbacka K, et al. BMJ Open 2019;9:e029592. doi:10.1136/bmjopen-2019-029592
Open access 
Regional variation of avoidable 
hospitalisations in a universal health 
care system: a register-based cohort 
study from Finland 1996−2013
Kristiina Manderbacka,  1 Martti Arffman,1 Markku Satokangas,1,2 Ilmo Keskimäki1,3
To cite: Manderbacka K, 
Arffman M, Satokangas M, et al. 
Regional variation of avoidable 
hospitalisations in a universal 
health care system: a register-
based cohort study from 
Finland 1996−2013. BMJ Open 
2019;9:e029592. doi:10.1136/
bmjopen-2019-029592
 ► Prepublication history and 
additional material for this paper 
are available online. To view 
please visit the journal (http:// 
dx. doi. org/ 10. 1136/ bmjopen- 
2019- 029592).
Received 4 February 2019
Revised 21 May 2019
Accepted 28 June 2019
1Service System Research, 
National Institute for Health and 
Welfare (THL), Helsinki, Finland
2Network of Academic Health 
Centres and Department of 
General Practice and Primary 
Health Care, Helsingin Yliopisto, 
Helsinki, Finland
3Department of Social Sciences, 
Tampereen Yliopisto, Tampere, 
Finland
Correspondence to
Dr Kristiina Manderbacka;  
 kristiina. manderbacka@ thl. fi
Research
© Author(s) (or their 
employer(s)) 2019. Re-use 
permitted under CC BY. 
Published by BMJ.
AbstrACt
Objectives A persistent finding in research concerning 
healthcare and hospital use in Western countries has 
been regional variation in the medical practices. The 
aim of the current study was to examine trends in the 
regional variation of avoidable hospitalisations, that is, 
hospitalisations due to conditions treatable in ambulatory 
care in Finland in 1996–2013 and the influence of different 
healthcare levels on them.
setting Use of hospital inpatient care in 1996–2013 
among the total population in Finland.
Participants Altogether 1 931 012 hospital inpatient care 
episodes among all persons residing in Finland identified 
from administrative registers in Finland in 1996−2013 and 
alive in 1 January 1996.
Outcome measures We examined hospitalisations 
due to avoidable causes including vaccine-preventable 
hospitalisations, hospitalisations due to complications 
of chronic conditions and acute conditions treatable in 
ambulatory care. We calculated annual age-adjusted rates 
per 10 000 person-years. Multilevel models were used for 
studying time trends in regional variation.
results There was a steep decline in avoidable 
hospitalisation rates during the study period. The decline 
occurred almost exclusively in hospitalisations due to 
chronic conditions, which diminished by about 60%. The 
overall correlation between hospital district intercepts 
and slopes in time was −0.46 (p<0.05) among men and 
−0.20 (ns) among women. Statistically highly significant 
diminishing variation was found in hospitalisations due to 
chronic conditions among both men (−0.90) and women 
(−0.91). The variation was mainly distributed to the 
hospital district level.
Conclusions The results suggest that chronic conditions 
are managed better in primary care in the whole country 
than before. Further research is needed on whether this 
is the case or whether this has more to do with supply of 
hospital care.
bACkgrOund Of the study
A persistent finding in research concerning 
healthcare and hospital use in Western coun-
tries has been regional variation in the medical 
practices. While there are regional variations 
within countries in disease prevalence, earlier 
studies have suggested that at least some of 
the variation in medical care is unwarranted, 
that is, within country variation does not 
disappear when need is accounted for.1 There 
is also a need to examine whether medical 
practice variation changes in time.1 In a rela-
tively recent systematic review, Corallo et al2 
report a large number of studies examining 
medical practice variation from OECD coun-
tries covering regional differences in ambu-
latory care, medical admissions, elective 
surgery, as well as emergency hospitalisations 
and avoidable hospitalisations, that is, hospi-
talisations due to conditions treatable in 
ambulatory care. Avoidable hospitalisations 
are commonly used as an indirect indicator of 
access to and quality of healthcare.3 4 Earlier 
studies use slightly different lists of condi-
tions, but generally three types of condi-
tions are examined: admissions that should 
be avoided with timely access to preventive 
measures, ambulatory treatment of acute 
conditions and managing of certain chronic 
disease in an ambulatory setting.
strengths and limitations of this study
 ► Our register-based data cover the total population 
in Finland identified from register sources in Finland 
over a 18-year follow-up period.
 ► We used two indicators of region of residence that 
are directly connected to the organisation of public 
healthcare for the residents enabling us to disentan-
gle the association of each organisational level to 
regional variations in hospitalisation rates.
 ► Multilevel models enabled us to capture the hierar-
chical nature of the data (health centres nested in 
hospital districts) allowing us to analyse the associ-
ation more efficiently.
 ► We were not able to control for need for care, that is, 
disease prevalence or severity, and thus cannot es-
timate what part of regional differences in avoidable 
hospitalisations would be warranted due to differ-
ences in disease prevalence and/or severity.
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While there are earlier studies examining regional 
differences in avoidable hospitalisations, many examine 
only some parts of the country in question,5–10 specific age 
groups,5 7 10 are cross-sectional5 9 11 12 and/or study these 
hospitalisations in specific patient groups, for example, 
persons with diabetes.13 Further, some countries publish 
regularly Atlases of regional differences in medical prac-
tices, some of which also report avoidable hospitalisa-
tions; see refs 14 15
The primary aim of this register-based study was to 
examine trends in avoidable hospitalisations in 1996–
2013, whether regional variation increased or decreased 
in relation to the national trend, that is, possible increase 
or decrease in regional variation and, secondarily, if so, 
on what level of healthcare the variation occurred. Few 
earlier studies have reported development of geograph-
ical variation in avoidable hospitalisations with a longitu-
dinal setting over an extensive time period. The Finnish 
healthcare system provides a good case for examining 
avoidable hospitalisations as the system is universal in 
coverage and therefore, in general, supports equal access 
to both primary and specialised healthcare according to 
need.16 The system is mainly financed by tax revenues 
and user-fees are generally low. The system also supports 
evidence-based care as there are accepted guidelines 
for the treatment of altogether 106 conditions in the 
National Current Care guidelines system.17 There are 
ca 160 health centres providing ambulatory primary 
care in Finland, owned and managed by municipalities 
themselves or in cooperation with other municipalities. 
They are the primary producers of ambulatory services 
for the residents. However, there have been difficulties 
in access in some areas. There are 21 hospital districts 
in Finland providing specialist services to the residents. 
They are owned, funded and managed by federations of 
municipalities.
MAteriAls And MethOds
the data
We obtained avoidable hospitalisations for the total 
Finnish population aged 20 years or older in 1996–2013 
from the Finnish hospital discharge register, maintained 
by the National Institute for Health and Welfare (THL). 
The linkages were performed by competent authorities 
and the research group received pseudonymised data. 
We used the UK definition of avoidable hospitalisa-
tions3 4 with an inclusion of ICD-10 (10th version of Inter-
national Classification of Diseases) codes J18.9 and J09 
(pneumonia). Avoidable hospitalisations were classified 
into three subcategories: acute, chronic and vaccine-pre-
ventable (for diagnoses included and their ICD-10-codes, 
see online supplementary appendix 1). Hospitalisations 
were combined if they occurred within 1 day from each 
other. Data on hospitalisations were linked into demo-
graphic data obtained from Statistics Finland.
We used two indicators of region of residence: (1) 
health centre area (single municipality or cooperation 
area of municipalities) that is responsible for organising 
primary healthcare for the residents and (2) hospital 
district (owned by the federations of municipalities), 
which is responsible for organising the public specialist 
services in the area. Publicly funded hospitals produce ca 
95% of all specialised inpatient services in Finland. The 
municipality of residence was linked for each individual at 
the end of the year preceding hospitalisation. The small 
autonomous region of Åland was excluded from the anal-
yses. Age at hospitalisation was classified into 5-year age 
brackets with those 85 years or older as the oldest group. 
Those living permanently in institutions were excluded 
from analyses. Total Finnish population was used as 
the population at risk in the analyses. All analyses were 
conducted separately for men and women.
statistical methods
We calculated national age-standardised rates for each 
category of avoidable hospitalisations per 10 000 person-
years (PYs) with direct standardisation method with the 
European standard population as standard population. 
We calculated autocorrelations in each of the categories 
both in the health centre and in the hospital district level 
to study consistency in hospitalisation rates and their suit-
ability for further analysis. We found autocorrelations in 
health centre level vary a lot suggesting that this level was 
not suitable for the analysis as the result suggests incon-
sistency in the development in time. The hospital district 
level autocorrelations were relatively low among men 
in vaccine-preventable hospitalisations, averaging 0.22, 
among women the autocorrelations were higher, aver-
aging 0.35. In hospitalisations due to acute conditions, 
the results were rather similar with autocorrelations aver-
aging 0.44 among men and 0.36 among women. The 
autocorrelations for hospitalisations due to chronic condi-
tions were higher, with average of 0.78 among both men 
and women. These numbers suggest that hospital district 
patterns in hospitalisations were relatively consistent in 
time and allowed us to examine possible convergence of 
hospitalisation rates, that is, decrease in the variation, at 
the hospital district level.
Next, we performed two-level models to receive annual 
z-scores of the age-standardised hospitalisation rates in 
each hospital district and category adjusted for polyno-
mial function of time with normally distributed random 
intercept and slope terms at the hospital district level. 
Z-scores were then used to examine the hospitalisation 
rates from different categories of avoidable hospital-
isations in a comparable scale. Multilevel models were 
applied to manage the hierarchical nature of the data 
and polynomial function of time to capture the general 
national trend in each category. We calculated correlation 
between the random intercept and slope terms in these 
models to obtain an estimate of convergence in hospi-
talisation rates. A statistically significant negative correla-
tion between random intercepts and random slopes was 
interpreted as a decrease of regional variation in time. In 
that case, high random intercepts were correlated with 
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large negative random slopes, and vice versa, indicating 
hospital districts approaching the average.
A similar procedure was fitted to all hospitalisation 
rates due to avoidable causes simultaneously where poly-
nomial function of time was adjusted for each category 
of avoidable hospitalisations to calculate an estimate for 
possible general convergence of hospitalisation rates 
between regions, that is, whether the regional variation in 
rates decreased more or less in relation to the decreasing 
national average.1 18
In a separate analysis, we used three-level Poisson 
regression models to examine whether variation between 
avoidable hospitalisations occurred mainly in the hospital 
district or health centre level. In these models, year was 
controlled as a continuous variable and age group as a 
categorical variable with hospital districts and health 
centres as random variables.
In order to assess whether there were changes in the 
levels of healthcare where the regional variation occurred, 
we estimated models separately for the years 1996–1999 
and 2010–2013. Wald test was used to assess the statistical 
significance of random components in the models.
Also, we calculated intraclass correlation coefficients 
(ICCs) for the two levels.19Variation in age-adjusted avoid-
able hospitalisation rates in health centre areas was illus-
trated with scatter plots in the last 4 years of study period. 
The extremal quotient (EQ) was defined as the ratio of 
the largest and smallest rates.
Patient and public involvement
As the study was based on pseudonymised data from 
administrative registers, patients were not involved in 
the study. The results will be disseminated to the public 
through summary articles after the original studies have 
been published.
results
There were altogether 983 966 avoidable hospital admis-
sions among men and 947 046 among women during the 
study period. More than half of the hospitalisations were 
due to chronic conditions.
Figure 1 presents the national rates of avoidable hospi-
talisations. Avoidable hospitalisations decreased consis-
tently during the study period. The total rate of avoidable 
hospitalisations was 535 per 10 000 PY among men in 
1996 and 306 per 10 000 PY in 2013. Among women, the 
rates were 340 in 1996 and 221 in 2013. The rates were 
larger among men throughout the study period in each 
of the avoidable hospitalisation categories. While the 
rates remained relatively stable in hospitalisations due 
to vaccine-preventable conditions and acute conditions, 
there was a large decrease in hospitalisations for chronic 
conditions both among men and among women during 
the study period.
In multilevel analysis (table 1), the correlation between 
hospital district intercepts and slopes in time was nega-
tive among men suggesting decreasing variation when all 
categories of avoidable hospitalisations were examined 
together. Among women, no such correlation was found. 
The correlations were −0.0.46 (p<0.05) among men and 
−0.22 (ns) among women. However, when examining 
categories of avoidable hospitalisation separately, negative 
correlations indicating diminishing variation of hospital-
isation rates in hospital districts were found in rates due 
to chronic conditions among both genders and in rates 
due to acute conditions among men. In other categories, 
no correlations indicating change in regional variation 
were found. The results were mostly similar when health 
centre level was used in the analysis (data not shown).
Finally, we examined to which regional level (health 
centre level vs hospital district level) the variation was 
mainly distributed in each of the categories of avoidable 
hospitalisations in the beginning (1996–1999) and in the 
end (2010–2013) of the study period. We examined these 
two periods due to decrease in avoidable hospitalisation 
rates during the study period (table 2).
In hospitalisations due to vaccine-preventable condi-
tions, the variance was equally distributed to both levels in 
the late 1990s and remained similar at the end of the study 
period among both men and women. In hospitalisations 
due to chronic conditions, the variance was distributed 
mainly to the hospital district level. Similar, but smaller 
variation was found in hospitalisations due to acute condi-
tions. Health centre level variance was also statistically 
significant in all categories of avoidable hospitalisations 
among both men and women. However, proportions of 
Figure 1 Trends in avoidable hospitalisations among 
men and women by category in Finland 1996–2013, age-
standardised rates per 10 000 person-years.
Table 1 Multilevel model-based correlation between 
hospital district intercepts and slopes in time between 1996 
and 2013
Men Women
Preventable −0.02 ns 0.44 ns
Chronic conditions −0.90** −0.91**
Acute conditions −0.45* 0.01 ns
ns statistically non-significant.
*P<0.05, **P<0.001. 
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variance explained by the two levels remained relatively 
low according to ICCs.
Figure 2 illustrates health centre-level variation in 
age-adjusted rates in the three categories of avoidable 
hospitalisations in the end of the study period (2010–
2013). In the figure, each dot represents one health 
centre. The variation was, in general, smaller among 
women compared with men in each of the categories. In 
vaccine-preventable hospitalisations, the health centre 
rates were close to each other with some outliers espe-
cially towards the higher end. EQ among men was 4.80 
and among women 4.58. In hospitalisations due to acute 
conditions, the variation was similar but smaller with an 
EQ of 4.31 among men and 4.50 among women. In hospi-
talisations due to chronic conditions, the variation was 
large, with and EQ of 4.81 for men and 5.36 for women.
disCussiOn
Overview of results
We found a decreasing trend in avoidable hospitalisations 
from the mid-1990s to the early 2010s. This trend was 
clear in avoidable hospitalisations due to chronic condi-
tions, but not in vaccine-preventable hospitalisations or 
hospitalisations due to acute conditions. There were large 
hospital district variations in avoidable hospitalisations 
due to chronic conditions. Also, in multilevel analyses, 
the correlation between hospital district intercepts and 
slopes was negative in these hospitalisations, indicating 
decreasing hospital district variation and convergence of 
rates between hospital districts during the study period. 
Our result concerning relatively large regional variation 
in avoidable hospitalisations is in line with earlier results 
from other countries5–9 11 20 21 and in different categories 
of avoidable hospitalisations.14 15 Several reasons have 
been presented to regional variation, including differ-
ences in disease prevalence, rurality, age structure and 
socioeconomic composition between regions,6–9 22 23 as 
well as access to and accessibility of primary healthcare 
and supply of hospital beds.9 10 20 21
Earlier studies have mainly been cross-sectional and 
have not examined trends in avoidable hospitalisations, 
but our result concerning decreasing variation is in line 
with results from Canada.11 Our study did not include 
data on disease prevalence or change in it. However, an 
earlier Finnish study examining persons with diabetes 
found a similar decrease in hospitalisations due to 
complications and convergence of hospitalisation rates 
in the early 2000s suggesting better control of diabetes 
in primary care.13 It is possible that disease management 
improved in other conditions as well thus decreasing the 
need for specialist hospital care. Further, current care 
guidelines together with disease-specific programmes 
may have resulted in more uniform disease management 
in primary care thus decreasing regional differences in 
hospitalisations.
Table 2 The distribution of variance in avoidable hospitalisations to health centre (HC) and hospital district (HD) level in 
Finland in 1996–1999 and 2010–2013 (Poisson multilevel models controlling for year as a continuous variable and age as a 
categorical variable; estimates of variance components and their intraclass correlation coefficient (ICC))
Category Level
1996–1999 2010–2013
Estimate ICC Estimate ICC
Men Preventable HD 0.024* 0.022 0.027* 0.024
HC 0.022** 0.021 0.024** 0.023
Chronic HD 0.051* 0.046 0.064* 0.056
HC 0.019** 0.012 0.027** 0.025
Acute HD 0.025* 0.022 0.039* 0.034
HC 0.015** 0.014 0.024** 0.023
Women Preventable HD 0.032* 0.028 0.033* 0.029
HC 0.033** 0.031 0.029** 0.027
Chronic HD 0.054* 0.047 0.059* 0.051
HC 0.031** 0.029 0.033** 0.030
Acute HD 0.026* 0.024 0.043* 0.038
HC 0.019** 0.018 0.029** 0.027
*P<0.01, **P<0.001.
Figure 2 Health centre-level variation in avoidable 
hospitalisations among men and women in 2010–2013, age-
adjusted rates per 10 000 person-years.
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Further research is needed to study the effects of differ-
ences in the regional sociodemographic composition of 
the population and supply-side factors to avoidable hospi-
talisations. On the supply side, an important question is 
whether the variation is driven by access to and accessi-
bility of primary care or supply of hospital inpatient care. 
Our results on larger variation in hospital district level 
in hospitalisations due to chronic conditions support 
previous results,6 24 which suggest that different cate-
gories of avoidable hospitalisations should be analysed 
separately.
Methodological considerations
A major strength of our study was that we were able to use 
individual-level data of the total population of Finland 
over a period of 18 years. The data concerning avoidable 
hospitalisations were derived from the Finnish h ospital 
discharge register, which has been found to have, in 
general, good quality and coverage.25 Use of multilevel 
models enabled us to capture the hierarchical nature of 
the data (health centres nested within hospital districts) 
and the statistical approach allowed us to analyse the 
development of regional variation in an efficient way. 
However, even this modern statistical approach is limited 
in modelling complex phenomenon with considerable 
individual variation as represented by small ICCs.
Though earlier studies have shown that avoidable hospi-
talisations associate to factors like need for care, that is, 
disease prevalence or severity, we were unable to control 
for them. Thus, we cannot directly evaluate what part of 
regional differences in avoidable hospitalisations would 
be warranted due to differences in disease prevalence 
and/or severity. It is still unclear whether the decrease in 
rates of the chronic disease category and their regional 
variation occurred mainly due to the development of 
primary care or whether it is due to overall reduction in 
hospital beds. This requires further studies assessing both 
the development of supply of hospital beds and number 
of total hospitalisations.
Nor could we evaluate whether primary care has an 
effect on these differences, which has been strongly 
debated. Our results of systematically developing regional 
variation—and its over time division between primary 
care providers and hospital districts—lay a foundation for 
further analysis. We consider that analysing how the fore-
mentioned factors simultaneously affect the variation of 
several regional levels and overtime annual trends, poses 
methodological challenges. This necessitates an indepen-
dent study with an approach that is optimised to test for 
these associations. Future studies need also to take into 
account variation in sociodemographic composition of 
regions. Our study controlled for gender and age, but not 
for different dimensions of socioeconomic position.
COnClusiOns
Large but decreasing regional variation was found in 
our study in avoidable hospitalisations due to chronic 
conditions. These hospitalisations occur mainly due to 
complications of the underlying disease. The result may 
suggest that chronic conditions are better managed in 
primary care in the whole country than before. Further 
research is needed on whether this is the case or whether 
this has more to do with supply of hospital care.
Contributors KM contributed to the conception and design of the study, planning 
of analyses and drafted the manuscript. MA contributed to the conception and 
design of the study, performed the statistical analyses and took part in the 
revision of the manuscript for important intellectual content. MS contributed to 
the conception and design of the study, planning of analyses and took part in the 
revision of the manuscript for important intellectual content. IK contributed to 
the conception and design of the study, planning of analyses and took part in the 
revision of the manuscript for important intellectual content. All authors have read 
and approved the final manuscript.
funding The study was funded by the Strategic Research Council (grants 312 703 
and 312 708) and the Medical Research Council (grant 277 939) at the Academy of 
Finland.
disclaimer The Academy was not involved in study design, data collection, 
findings or decision to publish.
Competing interests None declared.
Patient consent for publication Not required.
ethics approval  Ethical approval for the study was received from the Research 
Ethics Committee of THL (decision #7/2013 §586). 
Provenance and peer review Not commissioned; externally peer reviewed.
data sharing statement No data are available
Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.
referenCes
 1. Westert GP, Groenewegen PP, Boshuizen HC, et al. Medical practice 
variations in hospital care; time trends of a spatial phenomenon. 
Health Place 2004;10:215–20.
 2. Corallo AN, Croxford R, Goodman DC, et al. A systematic review 
of medical practice variation in OECD countries. Health Policy 
2014;114:5–14.
 3. Purdy S, Griffin T, Salisbury C, et al. Ambulatory care sensitive 
conditions: terminology and disease coding need to be more specific 
to aid policy makers and clinicians. Public Health 2009;123:169–73.
 4. Tian Y, Dixon A, Gao H. Data briefing: Emergency hospital admissions 
for ambulatory care-sensitive conditions: identifying the potential for 
reductions. London: The Kings Fund, 2012.
 5. Magan P, Otero A, Alberquilla A, et al. Geographic variations in 
avoidable hospitalizations in the elderly, in a health system with 
universal coverage. BMC Health Serv Res 2008;8:42.
 6. Falster MO, Jorm LR, Douglas KA, et al. Sociodemographic and 
health characteristics, rather than primary care supply, are major 
drivers of geographic variation in preventable hospitalizations in 
Australia. Med Care 2015;53:436–45.
 7. Hale N, Probst J, Robertson A. Rural Area Deprivation and 
Hospitalizations Among Children for Ambulatory Care Sensitive 
Conditions. J Community Health 2016;41:451–60.
 8. Gusmano MK, Weisz D, Rodwin VG, et al. Disparities in access to 
health care in three French regions. Health Policy 2014;114:31–40.
 9. Probst JC, Laditka JN, Laditka SB. Association between community 
health center and rural health clinic presence and county-level 
hospitalization rates for ambulatory care sensitive conditions: an 
analysis across eight US states. BMC Health Serv Res 2009;9:134.
 10. Butler DC, Thurecht L, Brown L, et al. Social exclusion, deprivation 
and child health: a spatial analysis of ambulatory care sensitive 
conditions in children aged 0-4 years in Victoria, Australia. Soc Sci 
Med 2013;94:9–16.
 11. Sanchez M, Vellanky S, Herring J, et al. Variations in Canadian rates 
of hospitalization for ambulatory care sensitive conditions. Healthc Q 
2008;11:20–2.
 o
n
 9 August 2019 at University of Helsinki. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2019-029592 on 18 July 2019. Downloaded from 
6 Manderbacka K, et al. BMJ Open 2019;9:e029592. doi:10.1136/bmjopen-2019-029592
Open access 
 12. Busby J, Purdy S, Hollingworth W. Opportunities for primary care to 
reduce hospital admissions: a cross-sectional study of geographical 
variation. Br J Gen Pract 2017;67:e20–e28.
 13. Manderbacka K, Arffman M, Lumme S, et al. Regional trends in 
avoidable hospitalisations due to complications among population 
with diabetes in Finland in 1996-2011: a register-based cohort study. 
BMJ Open 2016;6:011620.
 14. Australian Commission of Quality and Safety in Health Care. The 
Second Australian Atlas of Healthcare Variation. Sydney: Australian 
Commission on Quality and Safety in Health Care, 2017.
 15. NHS Rightcare. NHS Atlas of Variation in Healthcare. NHS Rightcare: 
Leeds, 2015.
 16. Vuorenkoski L, Mladovsky P, Mossialos E. Finland: Health system 
review. Health Systems in Transition 2008;10:168.
 17. The Finnish Medical Society Duodecim. Current Care Guidelines. 2018 
https://www. duodecim. fi/ english/ products/ current- care- guidelines/.
 18. Snijders T. Analysis of longitudinal data using the hierarchical linear 
model. Quality and quantity 1995;30:405–26.
 19. Nakagawa S, Johnson PCD, Schielzeth H. The coefficient of 
determination R2 and intra-class correlation coefficient from 
generalized linear mixed-effects models revisited and expanded. J R 
Soc Interface 2017;14:0213.
 20. Sexton E, Bedford D. GP supply, deprivation and emergency 
admission to hospital for COPD and diabetes complications in 
counties across Ireland: an exploratory analysis. Ir J Med Sci 
2016;185:453–61.
 21. Weeks WB, Ventelou B, Paraponaris A. Rates of admission for 
ambulatory care sensitive conditions in France in 2009-2010: trends, 
geographic variation, costs, and an international comparison. Eur J 
Health Econ 2016;17:453–70.
 22. Löfqvist T, Burström B, Walander A, et al. Inequalities in avoidable 
hospitalisation by area income and the role of individual 
characteristics: a population-based register study in Stockholm 
County, Sweden. 2013 Sep 30. BMJ Qual Saf 2013;30:001715.
 23. Ansari Z, Haider SI, Ansari H, et al. Patient characteristics 
associated with hospitalisations for ambulatory care sensitive 
conditions in Victoria, Australia. BMC Health Serv Res 
2012;12:475.
 24. Saver BG, Wang CY, Dobie SA, et al. The central role of comorbidity 
in predicting ambulatory care sensitive hospitalizations. Eur J Public 
Health 2014;24:66–72.
 25. Sund R. Quality of the Finnish Hospital Discharge Register: a 
systematic review. Scand J Public Health 2012;40:505–15.
 o
n
 9 August 2019 at University of Helsinki. Protected by copyright.
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2019-029592 on 18 July 2019. Downloaded from 
